Series is a forum for stimulating discussion and eliciting feedback on ongoing and recently completed research and policy studies undertaken by the Asian Development Bank (ADB) staff, consultants, or resource persons. The series deals with key economic and development problems, particularly those facing the Asia and Pacific region; as well as conceptual, analytical, or methodological issues relating to project/program economic analysis, and statistical data and measurement. The series aims to enhance the knowledge on Asia's development and policy challenges; strengthen analytical rigor and quality of ADB's country partnership strategies, and its subregional and country operations; and improve the quality and availability of statistical data and development indicators for monitoring development effectiveness.
I. Introduction
The worldwide scale of the global crisis underlines the extent of economic globalization. Although the impact of the crisis has varied between developed and developing countries, and across different regions and countries, no corner of the world has been immune. Growing trade and financial linkages mean that events in any region or country have tangible repercussions throughout the world. Of particular interest to us is the international interdependence of economic growth. The primary transmission mechanism that spread the global crisis from developed to developing countries was the trade channel. The spillover of the crisis from the financial markets to the real economies brought about a sharp recession in the European Union (EU) and the United States (US) , severely curtailing their appetite for imports. The consequent contraction of global trade had a pronounced impact on developing countries' exports and growth, especially in the fourth quarter of 2008 and first half of 2009. Likewise, the unexpectedly fast and robust recovery of developing countries, especially developing Asia, is contributing to the recovery of developed countries. Given such growing interdependence of economic growth across different groups of countries, it is worthwhile to look at economic growth across the world.
The two main sources of economic growth are accumulation of factors of productionmore capital and labor-and total factor productivity (TFP) growth. TFP refers to the output produced by one unit of all factors of production, and TFP growth refers to the growth in output that cannot be explained by an increase in factors. Although poor countries often grow by deploying more capital and labor, economic growth based on productivity growth is generally viewed as more desirable and sustainable. For one, productivity-based growth is "free" in the sense that it does not require more inputs. More fundamentally, growth based on factor accumulation eventually runs into diminishing returns and therefore cannot be sustained. The distinction between productivity-led versus accumulation-based growth, along with an implicit assumption of the former's superiority, has sparked an empirical debate on the relative importance of the two in the East Asian miracle (see World Bank 1993 , Young 1994 and 1995 , Kim and Lau 1994 , Chen 1997 , Han et al. 2004 , and Kim and Lee 2006 . The debate has also stimulated studies that utilize a common benchmark to compare productivity between countries either by using data envelopment analysis or stochastic frontier production model (see Fare et al. 1994 , Han et al. 2004 , Kim and Lee 2006 . These studies typically try to estimate the TFP of different countries and compare them using an estimated world production frontier as an explicit benchmark.
The central objective of our paper is to empirically examine recent trends in TFP growth and its two components-technical efficiency change (TEC) and technical progress (TP)-across 53 countries during [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] . TEC refers to narrowing the gap between potential and actual output or, equivalently, moving from inside the production frontier toward the frontier. On the other hand, TP refers to shifting out of the production frontier due to technological innovation. Building on earlier studies, this paper applies a stochastic frontier production approach to estimate productivity growth. More specifically, we apply the production model developed by Cuesta (2000) , which allows for firm-specific temporal variation in technical efficiency. The model is useful when different countries have different productivity trends over time, which is likely when the time series is long enough. Cuesta's model generalizes the stochastic frontier production model of Battese and Coelli (1992) , which imposes a common temporal pattern in technical efficiency on all firms.
Many earlier country-level productivity studies examined the period 1960-1990 and centered on East Asian countries, namely, Japan; the newly industrializing economies (NIEs) of Hong Kong, China; the Republic of Korea; Singapore; and Taipei,China; and the Association of Southeast Asian Nations (ASEAN), in the context of the empirical debate about the sources of the East Asian miracle. Since then, however, many other developing countries have improved their economic performance significantly. The BRICs comprising Brazil, Russia, India, and the People's Republic of China (PRC) have emerged as new centers of gravity in the world economy, in particular, the PRC and India. More generally, in recent years, economic growth has spread throughout the developing world, including previously stagnant regions such as East and Central Europe, Africa, and Latin America. The drivers of superior performance include economic reform, sounder policies and stronger governance, more competitive markets, expansion of trade, and greater integration into the world economy. In short, more and more developing countries are now following in the time-proven paths to prosperity trodden earlier by East Asian countries. Therefore, it is worthwhile to broaden the scope of analysis from East Asia to a much broader group of countries. Examining trends in TFP growth can inform us about whether economic growth can be sustained in different parts of the world. This, in turn, can inform us about whether global economic growth can be sustained as the unprecedented global recedes and normalcy returns. This paper is organized as follows. Section II presents a stochastic frontier production model with firm-specific temporal variation in technical inefficiency and gives the functional form of our estimation model. Section III describes our data, and reports and discusses our main empirical results, while Section IV concludes the paper.
II. A Model with Firm-Specific Time-Varying Technical Inefficiency
A stochastic frontier production function is defined by
where y it is the output of the i th firm (i = 1, .., N) in the t th time period (t = 1, ..., T), f(·) is the production frontier, x is an input vector, β is a k ×1 vector of parameters to be estimated. The efficiency error, u, represents production loss due to companyspecific technical inefficiency; thus, it is always greater than or equal to zero ( u ≥ 0 ), and it is assumed to be independent of the statistical error, v, which is assumed to be independently and identically distributed as N v 0 2 ,σ ( ) . Note that technical inefficiency in equation (1) varies over time. Battese and Coelli (1992) specify time-varying technical inefficiency as:
where the distribution of u i is taken to be the non-negative truncation of the normal distribution, N u µ σ , 2 ( ) , and η is a parameter that represents the rate of change in technical inefficiency.
A positive value (η > 0) is associated with an improvement in the technical efficiency of a firm over time. Under this specification, the temporal pattern of technical inefficiency is monotonous and common to all firms, as every firm shares the same η that determines the time path of technical inefficiency.
Cuesta (2000) generalized equation (2) by allowing for a firm-specific pattern of temporal change in the technical inefficiency term-i.e., every firm has its own unique time path of technical inefficiency. In this case, technical inefficiency can be rewritten as:
where η i is firm-specific parameters that capture the different patterns of temporal variation among firms. This model has the advantage of not imposing a common pattern of inefficiency change to all sample firms, unlike earlier models. This setting will be especially useful when the time series of the data set is long enough so that it is unrealistic to assume that every sample firm follows the same temporal variation.
Maximum-likelihood estimates can be applied for the parameters of the stochastic frontier model, defined by equations (1) and (3) 
where y it is the observed output, t is the time variable, and the x variables are inputs. Subscripts j and l indicate inputs (j, l = L, K), and the efficiency error, u, is specified by equation (3).
The elasticity of output with respect to the j th input is defined by
The elasticity of scale (=RTS) is defined as RTS j j = ∑ ε , and RTS decreases, is constant and increases if RTS < 1, RTS = 1 and RTS > 1, respectively.
The technical efficiency level of firm i at time t ( TE it ) is defined as the ratio of the actual output to the potential output as follows:
The rate of technical progress (TP) is defined by the following:
The TFP growth rate (TFPG), which is the sum of technical progress (TP) and technical efficiency change (TEC), can be derived from equations (6) and (7) as follows:
Total factor productivity depends not only on technical progress but also on changes in technical inefficiency. TP is positive (negative) if exogenous technical changes shift the production frontier outward (inward). If du/dt is negative (positive), then technical efficiency improves (deteriorates) over time, and -du/dt can be interpreted as the rate at which an inefficient producer inside the production frontier moves toward the production frontier, or, equivalently, reduces the gap between potential and actual output.
III. Data and Empirical Results
In this section, we describe the data and variables used in our empirical analysis and report and discuss our main findings.
A. Data and Variables
The data set used to compare growth and TFP across the countries was derived from the Extended Penn World Tables Version 3. 0 (2008), derived from Penn World Table 6 .2. The sample period covered 1991-2003. Sample countries were selected based on the following three criteria: data quality of at least C level, a population of more than four million, and per capita income of more than US$3,000 in 2000. TFP growth becomes more important as a source of economic growth for middle-income and richer countries. Smaller countries were excluded since external conditions have a disproportionate impact on their economic performance. Five of the 53 sample countries are from Africa, two from North America, 13 from Central and South America, 14 from Asia, 18 from Europe, and one from Oceania. 1 For estimation, we retrieved real gross domestic product (GDP) in 2000 purchasing power parity, number of employed workers, and net fixed standardized capital stock in 2000 purchasing power parity from the Penn World Tables. 2 Table 1 presents the maximum-likelihood estimates of the parameters in the translog stochastic frontier production function with country-specific technical inefficiency effects (Cuesta 2000) , as defined by equations (3) and (4), along with the uniform time-varying technical inefficiency coefficient estimates of Battese and Coelli (1992) . The estimates of γ are statistically significant at the 1% level for every model. For country-specific technical inefficiency, the coefficient estimates of η are statistically significantly for 37 out of 53 countries. 3 Coefficient estimates suggest the existence of country-specific temporal patterns of technical inefficiency. * statistically significant at the 5% level; ** statistically significant at the 1% level.
B. Decomposition of Total Factor Productivity
Note: Asymptotic standard errors are in parentheses. The coefficient estimates of country-specific η i are omitted to save space.
Sources: Cuesta (2000) and Battese and Coelli (1992) .
To test which model explains our data set better given the specification of stochastic frontier model, we implemented hypotheses tests using the log-likelihood test. First, the null that a country-specific time-varying technical inefficiency model is the right specification is tested against an alternative hypothesis, H a : η η η
. If the null is rejected, Battese and Coelli (1992) describe the data better. Test statistic has a Chisquare distribution with degrees of freedom 52 and is -796.16, and the null is accepted at the 1% significance level. Test results suggest the country-specific time-varying technical inefficiency model explains the data better than the other model, given specifications of a frontier stochastic production model. Table 2 shows average TE and its ranking for each country for selected periods, based on the country-specific time-varying technical inefficiency model. Estimates of TE vary considerably across both countries and periods. Technical efficiency leaders are South Africa, the United Kingdom (UK), Norway, the US, and Belgium. The top quartile comprises four G7 countries (the UK, the US, France, Italy) and five European countries (Norway, Belgium, the Netherlands, Austria, Denmark). Four other countries (South Africa; Hong Kong, China; Israel; and Argentina) also belonged to the top quartile. Among G7 countries, the TE of Germany is relatively weak, ranked at 19 during 1991-2003, perhaps due to the impact of unification. Japan also fares poorly, reflecting its prolonged economic slump. The PRC is at the bottom of the list, despite its strong economic growth throughout the sample period. TE is also relatively low in second-tier newly industrializing Southeast Asian countries such as Indonesia, Malaysia, the Philippines, and Thailand. More specifically, Indonesia, the Philippines, and Thailand belong to the lowest quartile, with Malaysia at the lower half of the TE ranking. Despite steady and rapid economic growth, those countries still lag frontier countries by a wide margin. Table 3 also presents estimates of the percentage shares of contributions of L , K , TEC, and TP to GDP growth during 1991-2003. The contribution of factor input growth to output growth is derived by multiplying each input's share in output by factor input growth ( ε j X ×  , where j, X=L, K), and its relative contribution to output growth is obtained by dividing its contribution by output growth [( ε j X Y × )/ ]. It should be noted that the percentage shares of contribution to output growth may not sum up to one or 100% due to random errors affecting output growth. 6 The top quartile of output growth leaders comprises the PRC; three ASEAN countries (Indonesia, Malaysia, Thailand); two NIEs (the Republic of Korea and Singapore); two African countries (Egypt and Tunisia); and the Dominican Republic, Jordan, Sri Lanka, and Poland. The growth of these countries is largely driven by factor accumulation. In particular, capital accumulation explains a large share of their growth. Specifically, factor accumulation accounts for more than 78% of the output growth of Jordan, Malaysia, and Thailand, and 95% for the Republic of Korea and Chile. However, the contribution of productivity is significant in other countries. Productivity growth accounts for at least 47% of the economic growth of Egypt, Poland, Sri Lanka, and Tunisia. In the case of the PRC, fast-improving TEC accounts for 33% of total output growth.
The average TEC for the sample period was -0.545%, suggesting a slight decrease in world output due to technical inefficiency. In contrast, the average TP is positive for every country. Average annual TP growth is highest for South American countries at 1.564% and lowest for BRICs at 0.414%. Across all countries, average TP growth was 1.195% during the sample period. The average annual TFP growth rate varies widely across countries, ranging from -2.004% to 4.41%, suggesting a wide gap between the fastest growing and slowest growing countries. Romania led TFPG at 4.41% per annum followed by the PRC, Egypt, Finland, and Iran. The top quartile comprises five EU countries (Finland, Hungary, Poland, Romania, Sweden); three small countries (Dominican Republic, Singapore, Sri Lanka); two resource-rich countries (Canada and Iran); two emerging African countries (Egypt and Tunisia); and the world's fastest-growing economy (PRC).
The PRC's world-topping growth was driven by a surge of capital accumulation that grew more than 10% throughout the sample period. The growth, however, was supported by TEC that helped the PRC catch up to the world frontier production. Large inflows of foreign direct investment have contributed substantially to TEC. However, it should be mentioned that there is a lot of scope for improving TE because it is at the world lowest level despite substantial TEC. Furthermore, the PRC needs to speed up its TP if it is to sustain its TFPG and climb up the value chain of the world economy.
Among the EU countries, Finland and Sweden entered the EU in 1995, Poland and Hungary in 2004, and Romania in 2007 . This suggests that the expansion of the European market boosted TFPG of new member countries by unleashing powerful competitive pressures. The productive efficiency of the new member countries is approaching the frontier countries of the EU. The primary source of TFPG for those countries was TEC, which rose much faster than TP. This seems to support the convergence of productivity within the EU.
In Africa, Tunisia signed an Association Agreement with the EU in 1995, and became the first Mediterranean country to enter in a free trade area with the EU when it dismantled tariffs on industrial products in 2008. Tunisia is one of the EU's most well-established trading partners in the Mediterranean region, and is the most competitive economy in Africa. Egypt has enjoyed relative stability and continuous growth of 4-5% in the past quarter-century. Under comprehensive economic reforms initiated in 1991, Egypt has relaxed many price controls, reduced subsidies, brought down inflation, cut taxes, and partially liberalized trade and investment. Manufacturing became less dominated by the public sector, especially in heavy industries. A process of public sector reform and privatization has opened up new opportunities for the private sector. Economic reforms are the key factors behind the high TEC and TP of the two North African countries.
Among other countries in the top quartile of TFPG, Canada and Iran grew by an average of 3.40-3.74% on the back of higher prices for their natural resources, including petroleum, since the 1990s. However, TP was sluggish in these countries, despite their fast TEC. Therefore, these countries have to invest more in innovative activities if they are to sustain their fast rate of TFPG. The other three countries in the top quartile, the Dominican Republic, Singapore, and Sri Lanka, are small open economies that experienced fast economic growth, ranging between 4.78% and 5.76%. A combination of rapid factor accumulation and substantial TP powered Singapore's economic growth; rapid capital accumulation and TP drove the Dominican Republic's growth; whereas TEC and TP drove Sri Lanka's growth.
All G7 countries except Canada experienced low TFPG of less than 1% per annum. In particular, the US and Japan are ranked low at 45 th and 46 th , respectively. France, the UK, and Germany are also ranked in the lower half of the sample at 27 th , 29 th , and 32 nd , respectively. All these countries experienced a combination of negative TEC and slow TP of less than 1% per annum. Among East Asian tigers, the Republic of Korea's TFPG contracted and Hong Kong, China's barely grew, despite their healthy GDP growth. On the other hand, Singapore experienced much higher TFPG than the other two NIEs. Among the ASEAN countries, the economic growth of Malaysia and the Philippines are in line with their productivity growth, whereas the growth of Indonesia and Thailand are driven more by factor accumulation. Table 4 presents the average annual growth rates of various components of output growth in 13 of the world's 15 largest economies for selected time periods (1991-1995, 1996-2000, 2001-2003) . The table shows that all developed countries experienced a drop in TFPG over time. This decrease in TFPG resulted from a continuous drop in both TE and TP. The Republic of Korea, Japan, Mexico, the UK, and the US all suffered a contraction of TFPG in [2001] [2002] [2003] . Some promising signs of productivity growth are observable only in the PRC and Canada. Figure 1 maps out annual movements in TEC, TP, and TFPG for the PRC, France, Germany, Japan, the UK, and the US. The PRC led TEC throughout the sample period, and a wide gap separated the PRC from the other five countries. In fact, TEC was negative throughout for the other five countries, and deteriorated sharply for the UK and the US after 2000. The UK led TP, followed by France, Germany, Japan, the PRC, and the US, respectively. TEC in France, Germany, and the UK ranged from 0.003% to 0.009%. The pattern of TP over time was very similar for every country, i.e., a secular decline. TP turned negative in the PRC and the US after 2000. The PRC led TFPG, followed by the UK and France. Japan was the worst TFPG performer for most of the sample period, but the US assumed that position after 2000. TFPG trends were dominated by TEC, with countries that experienced faster TEC generally experiencing faster TFPG.
IV. Concluding Observations
Beyond the short run, the world economy faces the perennial challenge of achieving rapid yet sustainable economic growth. This challenge is all the more urgent for developing countries since sustained growth is the only proven means of making a significant dent on poverty. As the global crisis recedes, the fundamental ingredients of long-term growth-macroeconomic stability, good governance, sound policies, openness to trade, competitive markets, and so forth-will reassert their central significance for growth. Those ingredients are captured by total factor productivity growth, which consists of technical efficiency change and technical progress. This paper examined TFPG and its two components across 53 countries across the world during 1991-2003. Doing so can inform us about the sustainability of growth in different parts of the world.
The empirical results show that developing countries still lag developed countries by a wide margin in terms of TE even though they are steadily catching up. Most TE leaders are developed countries whereas the laggards are predominantly developing countries. It is interesting to note that the PRC, despite its astonishing growth over the last three decades, still had the lowest TE among the sample countries. This suggests that there is plenty of scope for the PRC to improve its TE in the future, and such improvements will contribute to productivity and output growth. More generally, in light of the large TE gap that still separates developed and developing countries, a major avenue for growth in developing countries is to narrow the distance between potential and actual output. Narrowing the distance requires a more efficient allocation of resources given the level of technology through structural reform and macroeconomic stability. Efficient financial and labor markets allow an economy to produce more with the same inputs without any technological innovation.
For the whole sample, the average TEC was -0.545%. The negative average hides considerable heterogeneity across countries. For example, the PRC experienced substantial positive TEC, which contributed a lot to the country's output growth. In fact, the PRC's TFPG has been driven mostly by TEC rather than TP. However, the overall pattern of TEC across the world, which includes negative TEC in many globally significant large economies such as Japan and the US, suggests that TEC has subtracted from, rather than added to, global output. In striking contrast, the average TP is positive for every country in the sample period. TP has thus made a positive contribution to TFPG and hence output growth across the world. As with TEC, the countries in the sample showed considerable diversity in terms of their TP performance. The same can be said for TFPG; furthermore, there is a big gap in TFPG between the fastest-growing and slowest-growing economies. Most economies in the sample experienced positive TFPG but some larger, mature, industrialized economies suffered a deterioration of TFP. In particular, Japan, the UK, and the US suffered a pronounced decline in TFPG. This indicates that global productivity growth was led by productivity growth in fastgrowing developing countries. Going forward, this implies that global output growth will increasingly be determined by the output growth of developing countries.
The results of our empirical analysis of the sources of economic growth show that factor accumulation continued to play a much bigger role than productivity growth in many fast-growing developing countries. This was especially true in Chile, Jordan, the Republic of Korea, Malaysia, and Thailand where much of economic growth was driven by factor accumulation. Since these economies are at income levels where the source of growth has shifted from factor accumulation to productivity growth, policymakers must take measures to facilitate and accelerate the transition from accumulation-based growth to productivity-led growth. However, productivity growth had a much larger effect on the economic growth of other fast-growing developing countries. This is true in the PRC as well as some other countries such as Egypt, Poland, Sri Lanka, and Tunisia. Regardless of their TFPG, the fact that developing countries substantially lag developed countries in TE suggests that productivity growth will depend as much on promoting TEC as TP. That is, in order for developing countries to achieve sustainable economic growth, they will not only have to achieve higher technological levels but also make better use of existing technologies and factor endowments. Their success in meeting this challenge will impinge heavily upon future global economic growth.
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